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ABSTRACT

D

This study contains an application of cost-perforaance
N " analysis to the automation of a manual reod>r+ing and
record-keeping system. A small local transit company serves
2s the basis for the analysis. Beginningy with a briaf
history of small business compating and computers in the
. transit industry, it covers th2 maia aspects of requiremern+s
analysis in terms of system sizz, softwar2 and hardware.
Four alternative coaputer systa2as, *wo miaicomputers ard *wo
ricrocomputer networks, are pr2sentsd and rated on *their
ra2sponsiveness to the transit company's nz23s., Traldsoffs in
i cost anl performance are aralyzad “o determire “he aarginal
; ’ ’ costs for each unit of increase in perforaance. Th2 cost-
performance techniques develop2l for mainframe systaas are
shown +2 be apolicable to minicomputzr an3 microcomputer
' based systoms as well.
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I. INTRODUCTION

A. BACKGROU¥D OW SHALL BUSINESS CONPUTERS

What was cnce the province of Portuns 500 companies has
beccme 2 topic of interest everyvhere froa boardrooms to
stockrooas, steel mills toc Mom and Pop groceries. Coaputers
are no longer reserved for companies with high-budget data
proéessing {dp) departments anid ranks of prograamers at the
rteady. Technological advance sver the last two decades has
alloved the "cost per computation” to pluam2t so +hat
‘ computer power is available to anyone with a few hundred
4 dollars to spend. To exploit this steadily growing aarkat: .
of hardware owners, software prs>ducers have rushed to> supply ;
ready-made softvare: "horizontal" packagss which apply to
n2arly 2very business--payroll, Inventory ccr+rol and

general ledger, for example; and "ver+ticzal" applications
vhich are directed toward a singyle industiy--job-costing fo:c
a building cen“ractor, for example [ 1:36]. The advent of
small and irexpensive ccamputers, couplel with a dazzling
array of prepackaged software and the evar-increasingy costs
of laber, has made the computer as ordinary an ins¢rument of

2 o "0 b o S acC AR N ek "y

business as “he “elephone.

But for a company with slijh+tly unige2 needs, licating
appropriate vendors is in itself a major chore. The average
business user is apt %0 be overwhelmed by the number >f
csalesmen anxious %o lay claim to his dp iollar, whethar or
not they can effectively meet his needs. With the maltitude
cf sources for obtaining a systsa--turnkey operatiors,
direct manufacturer sales, coapuater retailars--and the range
5f implementations--traditional ainicomputar, microcdoa-

. puters, netwvorks, distributed processiny--a buyer must be
avare of the vhole spectrum >2f optisns.
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Making a choice was definitsly simpler when alternatives
co>uld be placed into rigidly delineated catagories. 1In the
not-toco-distant past, a minicoaputer was the choice for a
snall businessman, a microcomputer for th2 hobbyist. Today,
one estimate places 60% of all aicros s311 into small busi-
nesses and professional offizes [2:79). Data Sources, a
gquarterly guide *o equipment, s>ftwvare sarvices and compa-
ries ir <he information processing industry, groups its
less-than-sainframe sized coapater systems into high-end,
sid-range, and low-end minicomputers, microcomputers, and
snall business computers, rangad by price in each division.
A gquick scan shows that price is not a 3zpendable iniicacor
of classification: both low-23131 minis ani sicrocosputers
list systems under $15,000; 2 great numbsar overlap ia ¢the
$30,000 to $75,000 range; and >ae micro system spills into
the "grsater *han $350,000" range. Once 2n organization has
deterained wha+ general size a2l price classifica+ion i<
fits into, it must locate software which is responsive *o
ite needs., If “he small business in quastion s in the

+ransit industry, i+ may be facing a hard task.

B. CONPUTERS IN TRANSIT HANAGEMENT

The transit indus+ry, alony wi*h other types of busi-
ness, has been involved in the creation of computerized
decision-making tools; hovevar, most of thes past efforts
have concentra“ed on serving th2 large trainsit organization.
Softwvara suppliers have fourl it profi:table to scale down
accounting, sanufacturing control and merchandizing packages
originally designed féf large firms, so tha: the typical
small retail cr manufacturing business has a wariety of
applicable software packages from which t> choose. Saall
transit operations, however, rapresent a comparatively

. iinited market and thus have nd>t benefitz2l from the
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attention which small business needs are ja2+ting.
Developaent of automated transit aids has taken “he foza of
research gran*s pursued under the sponsorship of tha Urban
) Mass Transportation Administration. Rucus, an acrocya for
run-cutting 2nd scheduling, was anr early antry in *he
transit applications field. Th2 Rucus systsa was desveloped
in 1970 as a podular package of prograas designed to address
the schasduling aspect of +rarsit planningy. Briefly, Rucus
comprises four modules {3:150-51] :
1. Trips, to adjust frequensy of service in responses *o
demand and company policzy:
2. Blocks, *o assign vehiclas to trips in accordance
with an optimization technique;
3. Runs, 4“0 assign drivers to trips in accordanc2 with
labor contracts ard company policy; arnd
4. Data Managemen+t, to inter face the other +hresz
nodules.
Fhile these prograas apply “o functions shared by all
transit organizations, the oriyinal Rucus oackage was
designed for large-scale hardware and thus was suitable orly
for larye transit operations. Liberal distribution 5f *he
Rucus package to “he industry his allowsi private snterprise 7
to participate in the evoluticn of Rucus s> “hat i* has
since become a generic s+andari froa which customized
systems are deveivped. The 24d3ition of rzpor+ generation to
use “he schedule information to produce opsrating raports
and timetables has boosted the worth of Ricus-+ype applica-
tions t5 the industry [(8:25), The area of bus fleet
mainterance vwas also addressed by an Urban “ass
Transportation Adminietration study. Ia 1971 and 1972, the
Adainistration initiated “he SINS project €5r trarsit
districts in Oakland, CA, and Dallas, TX. SINS, an acronym
for Service, Inventory and Malatenance Systam consists of

three sodules:
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1. The Servige per Unit Change module uses vehicle miliss

as the unit of performaace. erforasance is fync-
tfon of %uel ang oil consulption ani parts rgpaggcor
replacesent.
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?gd to lagnta p stock points. Parts repaic sosts are
input to the next module.

3. Ihe Ry fonance aFtveRloiaet N ra s Sos s b on
the inventory module to ma neain 18eB3T0E S95t3 &i°"
vehicles,

Another computerized +‘ransit tool is tha Maintenance
Planning System (MPS). It proiuces comprzhensive reports
for maintenance contrcl, as follows:

1. Maintenarce Control rapy>cts for prsvantive mainte-
nance and major repairs scheiuling;

2. Equipment Status reports for ongosiang vehicle history:
and

3. PFailure Analysis repor+s to iden+tify parts with
recurring failures.

Both SIMS and MPS were designel for largs transit companies;
“he Oakland ard Dallas fleets comprised 8)9 ard 400 buses,
raspectively, and MPS was test2i1 cn San Francisco's BART
sys+tem. Both systems run on IBM 360/370 sainframes,

Small transi+ operations are the intsniz2d market for
Trans-Pac, a complete manageamsat package 3aveloped by MTD
Project Services, a division of Qantzl Business Computers.
Trans-Pac handles financial zanagemesnt, maintenance and
inventory control similar to MPS, driver timekeeping,
payroll, Rucus-type scheduling, performancs measuriag, 2nd
Urban Mass Transporta+ion Adminis*ration-raquired -epores.
I Es designed to run on any of Qant2l’s zinicomputesrs,
d2pending on user's desired sp22d and m2m>ry requireaents.

Soma packaged software has appeared t> meet “he Jeneral
reeds ¢f vehicle maintenance for trucking firms and indus-~
tries with private transportatison fleets which may be
applicable to transit maintenance as well. Thess packages

1




are designed for minicomputers. Judgirg from sourcss
consult2d, the microcomputer s>f*ware aarkat does not as ye+
offer vekicle maintenance applizations (2lthough ar aircraf+
maintenance package avallabl: fo5r Apple compu*ters may signal
future involvement in this area) . As microcomputer software
suppliers expand to cover more vertical markets, mors
tranrsit operation functions will be computerized. At the
presen+, however, the choices 2are fzvw.

C. PROBLEN DEFPINITION AND OBJECTIVE

As evidenced by the profusion of aminicomputer aci micro-
computer manufacturers, software suppliars, OENs! and
consultants, the small business computer aarke+ is complex
and confusing. A company veatiring into the compu=er arena
for *he firs- +ime must heed th2 words "3Buyer bewarz." One
such company investigating the possibilities of autcaation
is Mont2rey-Salinas Transit (MSr), a publicly-owned, local
transit company located in Montarey, California. MST
reviewed their present marual rzcord-kea=ping procedures 2nd
concluded *ha*t a computerized managsment informa*ion systenm
(MIS) incorpcrating the irdivijual administrative record-
keeping sys-ems associa*ed with each opz2rational arsa would
benefit organiza*ional efficisncy and 2ffzctiveness [5].
Many of MST's functions parallal thcse 5>f any other like-
cized service or manufacturing firm, but auch of the
workload addresses *ransit needs spacifically. Due to the
prohibitive costs of specializ2d system da2sigr, which would
{deally “ailor all hardware and softwar2 to MST's particularc
needs, and because of *he lack >f an in-h>use programming
resource, the company concluded that the only feasible
option would be %0 acquire a system "off the shelf": either

10EM ands_ for o inal ejuipmert mangfact~urer, which
iz a retailer who congiges ﬁaraua e and s>ftware g:ﬁm
various sources “o supply specific markats.

12




one alraady designed for small transit coapanies, if such
existed, or one compiled for that purposs utilizing commer-
cially available software and ganeral purpose hardware.

It is important, when introducing computerizatioss, %o
3 ‘ determine which of a ooapany's tasks ars cost-effectively
: transferred to automated processing. Computers are fast,
accurate, and incapable of thought, wvherzas man is slow,
error-prone, a2nd thoughtful. This relatisaship between man
and computers suggests that teiious, routine, and 4ime-
consuming tasks should be offl>aded to th2 computer so that
human resources may be utilized in the business of manage-
men+t. However, due to the high cost of cis‘om sof“ware

design, some procedures not covared by packaged software ars
best left tc the manual systsa.

The objective of *this thesis is o0 2nilyze *he tradas-
offs in cost and performance bstween tw> ninicomput<er and
two microcomputer systems designed to msst Monterey-5alinas
Transi<?s requirements to diffsring extants. One sys+«em is
cspecifically designed for small +«raansit spera*icns. This
system, Trans-Pac, distribut2d4 by Arthur andersen & Co., Is
treated in +his *hesis as ths aost respoasive solution.

I~ n s mn A

However, other options exist which may ms:t some or all of
MST's naeds at a lower cost, It is bey>nd the scopa of “his
“hesis to develop an cperational compu“2r system to compete
with the professional ly-developad Trans-Pac systenm.

Instead, the four systems aim to be represantative o2f +“wo
computer classifications, minicomputers aad microcoumputer
rezworks. Typical costs and software availability will lead
to the levelopment of cost-performance fijures “¢ ascer*ain
vhether there is a difference betwean mini- and micro-based
systems. This thesis first letarmines 8ST's needs in terms
of general hardware and softwara requiramsats and “hzn uses

FENS X 4

these quidelines to configure three systess “o perfara the
. functions identified in the requirements analysis. These
S
s
ST
b
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systeas are analyzed in terms of their raponsiveness *o
MST's software requirements using a weijhted evaluation
schene.

D. SOURCES

Inforematicn on transit operations and functions was
providel by personnel at Montersy-Salinas Transit Coapany,
publications on the transit iajustry, ard 2 managemant
performance audit [6)]. Specific prices, hardware model
specifications and software availability were drawn frcam
Pata Sources and Da*apro Research Corporation's Datipro 70
and pirectory of sSpall Compyters. The distributor for
Trans-Pac, Arthur Andersen & Co., was helpful in describirng
the system ard providing approximats costs.
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II. HONTEREX-SALINAS TRANSIT JRGANIZATION AND BEQUIGEHENTS

A. ORGANIZATION OF AST

! ' Monterey-Salinas Transit is a publicly owned local
B transportation company serving the city >f Salinas and the
! cities and county of the Monterey Paninsula. It provides
service seven days per week with a flaet 5f 52 buses and a
staff of 100, 70 of whom are coach operatsors. The compary
; owns two facilities: ¢the main administration, maintanance
atd dispatching facility in Monterey and a smaller building
in salinas for light maintenance and housing of vehizlas
overnight., MST is gowrned by a Board >f Directors reprs-
| serting the cities and county sarved. Th: Board ccaveres
monthly to review financial ani operatiny data presented by
MST's general manager. Additionally, thz Board is r:zspon-

sible for approving compary Joals and objsctives, roates and

service levels, fares and grant applica+ions.

MST's internal osrganizatioa is s+%rusturad along furc-
~ional lines. The four depar+mants under the general
manager are maintenance, transpsr*aticn, coan*troller, and
administra%*ion, which iancludes the plannar. The planner iz

, responsible for service planniag and scha2iuling and also
] computes many of the organization's perforaance statistics
;§ for extarnal reporting reguirezan+s. The a2xternal repor4ing
'V function is labeled as part of the adminis+trative function
in the system analysics in sectisn B.
In additicn *o revenues from fares, MST is fundel by

. federal and state agencies. A3 a result >f receiving public
£ | . ponies, MST must account for those grants and allotaants in

- periodis repor+s. Much of MST's recordkaaping is geared A
L - : toward providing those reports. Some backgrouad on the

15
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§ federal transpor+ation agency will help 32fine the raporting

: ‘ arena in which MST operates.

! The Urban Mass Transportation Administratiorn is an

agency of the Department of Traasportation, whose chief

responsibility concerns the admsinistration of the Ucban Mass

Transportation Act of 1964, as amerded (UNTA). This comspra-

hencsive act provides federal assistance for [T7:140] :

} 1. Acquisition and improvaasnt o5f facilities and equip-
ment associated with mass transportation;

2. Research, development, and demonstration prcjects
related to urban mass transportations

3. BEngireering, plarning, 2nd desigaingy urban mass
transportation: anad i

4, Training personnel in managerial, tachnical 2nd %
professicnal positions ralat2d to mass transpocta-

|

Z tion.
i Since the agency is responsibls for allocating considsrabls
\ suns of federal money throvgh Its varisus grant programs,?

it is understandably concerned with the utilizatior >f ttose
furds and demands extensive reporting uadar Section 15,
UMTA. Secticnh 15 requires information be maintained on
safety ard accident claims, aniunal ridarsalp surveys,
detailed classificaticas of bus driver labosr, financial

, accounts, fares, and profitablilty; that is, essenzially

g : evary aspect of transit operations and mazrajemen<.

' Even wvith the stringent reporting raquirements of
Sac+ion 15, some informatior was not well 2anough standard-
; : 1zad to peramit industry-wide analysis of sass “ransit., 1In
1971, the Urban Mass Transportaton Administration, The

iR

L W

; Aserican Trarsit Association (ArA), and tha Institute for
' igﬁ -7 Rapid Transit jointly developed a program t> devise an
RSec** ns of A addregs dif at. .
action gof ca tal ection g for g;sgstin;pesdogagg nts

oT P ann ng grants
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improvel system of financial anl operatiny data reporiing.

The outcome vas initiation of Project PARE (Uniforas

Financial and Reporting Blements), which established a stan-

dardized set of accounts and standard operating statistics

categories for the entire irdustry. This data base is

designed to serve [3:165] :

X 1. Pederal, state, and local trnsportation agencies for

J financlal programs administration;

i 2. Transit industry associat icns, such as aTA, for moni-
toring indus“ry performance; and

3. Individual transit systaas for evaluating their

perfcrmance agairnst similar operations

FARE reporting partially meets the requirsments of Section

15, OMTA. I* is interesting o note that The Project FARE

Task ¥ Repork: Task and Projact Summary vwas prepared for

the Administration by Arttur Ardersen & Co., which distridb-

utes Trans-Pac.

J oo B. REQUIREBNENTS ABALYSIS

%
?
¥
]

1. guzrert Systen

The goal of Monterey-Saliras Transi+, simply stated,
is to provide reliabie bus service in response %o public
demand. The physical operation of buses along planned
routes is supported by a variety of administrative activi-
tia2s, from the planning of sarvice, the acguisition and
repair o5f vehicles, anrd training of drivers to *he ordering
cf spar: parts, payment of emaplsyees, acd preparation of
reports for “he board of directors. Thesz *asks are no+
, iaportant to the customer, whosa only concern is that his
i 4 bus is on time, but tc MST, they are th2 administrative

Yl ’ functicns which allow the transit ssrvice *> operate. Every
firm has i¢s paperwork, a fact s> ften laaesnted, but a peces-
sity which organizes and documents the managsaent of

17
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persorrel, equipment, and moretary resourzes. HST aain*ains
various files %¢o record day-to-day transactions such as
inventory issues, vehicle repairs, and cash disbursessnts.
These files form the tackbon2 >f ar infocszation syscea froa
vhich information on the effectiveness arl efficiency of
transit operations can be drawn. An understanding 5f the
manual record-keeping procedures is crucial to successful
automation because mamgement aust be able to define
precisely what services and outputs it sxpacts fros the
revly autosated information system. HNontarsy-Salinas
Transit considers their systea of weekly and morthly reports
important to effective marageman*, and an automzted systen
should enable creation of thos2 reports. Th2 manual adain-
istrative filing and reporting system must record and repoz*
peaningful information before zonvertiny to> a computer
system, or the inefficiencies >f *he curran* system may be
mistaken for unresponsiveness 5f the coaput2r system. M=r=
automation of files and reports will not provide better
information, only more prompt information. If a compary is
floundering, automating may 2nly €urther camcuflage the
managems3rt deficiencies which plague ths firm. As one
observer noted, "A comwputer can make a sick business terami-
rally 311" {1:35]. This shoull not be of worry to NST as a
manragement performance audit parformed in 1980 concluded
that then-Monterey Peninsula Transit was an oxceptionally
vell-managed system with an axtansive foraalized repor+ting
procedure well-suited to the coapany's management structurse
(6:135-36].

Presently, MST's maintanance, iavantory, plaanning,
and personnel filekeeping and rsports gsna2ration ars
performsd manually. PFortunately, MST s a relatively saall
srganization, vell-staffed, so that sheer volume does not
overwvhela the capabilities of their curreat record-kaeping
systeas, and automaticn is not being pursued to stave off

18
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\ personnal increases or other msthods of augmenting prsduc-
f tivity. There are, however, arsas vhich 1ight benefi: from
the a*tributes of computerized maintenanc:. The existence
} : of routine and redundant data 1andling inlica*as tasks which
would probably gain speed and accuracy fros automatisn, 1In
the case of MST, many of the reguired performance statis-
| tics, g2nerated 2t least quartarly, necassitate simple but

———

repetitive calculations which are time-zoesuming and prone
to human error. Most other filekeeping r2juires dnuplicative
entries in various files *o allowv cross-r2farencirg and to
ensure that each file is complate. MNUST's financial records
are prepared by a service bureau, Bank of America, €5 that
accountirng applications QO ge“ the berefi* of cosputer accu-
racy ard au*tomatic gereration. With th32 aivernt cf inp-~hous2
accounts processing, data entry would be t> a keybcacd

} instead of to paper fcrms, and the submission and batch
processing time lag would be eliminated. Potential savings

———_+ o o - it
-

could result from scheduling paymerts to t2k2 advantage of
: vendor iiscounts, if this is n>t already iore. The primary
3 ; advantage of in-house processing is that *he contrcllsr
| would b2 able to generate non-standard comparison repcres,
' on demand, as opposed to relying only on raports contrac+ed
; for with the servica bureau. The issue >f security may have
% *0o be addressed since pay recoris and financial statsments
. : ehould not be available *o0 all a1sers of *he systen.
* The five record~keeping systems to> be analyzzd for
automation are: perscnnel management, maintenance and
§ inventory control, finmancial management, ssrvice/sscheduling
i contrel, and the external reporting systza. The systeas of
: receasity are interrelated, because inforaation flcws and
S the effects cf actions are not solely intarnal %o each

departasnt. Thus, aileage figures jenerated by ‘he sainte-
i nance dapartment are used in efficiency ra2ports subaitted %o
' the board of directors and invantory purchacse orders are




accounted for in the cortroller's accounts payable file. A
brief descrip*ion of each administrative control systeam in
place at Monterey-Salinas Transit will lefine the informa-

. tion envirornment in which an automated system must =2xist,

! and the data handling and coaputational spera*ions which i¢
' must perfora.

{ a. Personnsl

The 2aim of the personnel control system is to
manage the human resowces of the company. Specific activi-
ties include:

1. Planmning, programming, 314 alministaring perssnnel-
2 related prograns;
2. Bvaluating employment n22ds;
3. Evaluating candidates for eamploymant;
4. Treiring employees;
5. Aralyzing compensation lavels: and
6. Evaluating employee performance.

A major part cf the personnzl system is geared
tovard accurate and timely payaan* of employees, which
necessitates uithholding'taxes, collectiny Social S2curity
contributiors, ard deducting payments for insurance,

. pansion, or other benefit programs. Th2 payroll system must
rsgister charges in salary or wage, job, sanicrity, and

' other persornel shifts, Beyoni payrsll activities, the

é personnel systea is designed to> facilita*s production of %he
i detailed reports required by th2 feleral jovernmen+ under

i employes protection prograss, such as Pqual Employma2at
Oopportunity (EEQ)-Affirma+ive Az¢ion (AA), 2and Sec4io-n 15,
UMTA. As driver labor accounts for a consziisrable
percentage of a transit system's operatingy expense, letailad’”
4 records cn hov drivers spend +hair time are main*ained in
accordance with UMTA regulations. Jperator timekeeping must
account for 21 categories of coapsnsated time to be repor+ed

-
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to the Urban Mass Transportatisn Adsinistcation, while each
driver's compensated and non-compensated time is record=d in
an attendance file, corresponding t> ons >f seven categories
per day. The files currently in uss to suppor* these
personnel and reporting functisns are shown in Table IX ,
Appendix A.

b. HNaintenance

. - —

The objec+tive of tha maintenance departamsnt is
| t> ensure that sufficient vehicles are maintained inr 2 safe
5 and efficient condition, at a raasonable -ost, *o meet
i i schedulad service. Srpecific activities includes
i 1. Repairing service breakiswns on an 2mergency basis;
2. Conducting a preventive maintenanc2 program (PHM);
3, Maintaining service records on vehicles;
; 4, Maintaining control over repair parts and fluids in
inventory;
5. Yonitoring fuel, o0il, and automa+is transmissior
fluid (ATF) consumption; and
6. General upkeep of property to includ= plant and bus
stops.

The maintenance adainistrativsa system is se* up
+> keep extensive reccrds on vehicle servicz and repair to
facilitate planning and monitor vehicls 2fficiency.
Preven+ive maintenance is schedaled on thz basis of daily
inspections ard a “tickler fila" to alert psc-sonnel to
upconing mileaqge or time checks. Unschedaled or emergency
repair, for which personnel and parts must be on hani, and
rsplacesent buses available, may result f->m manufacturer
directives or breakdowns. 1In 2ny circuastance, bus non-
availability must be transmitt2l *o the dispatcher for use
= in bus assignmen*, and repairs a2ffected uniar warranty msust
§ b2 documented for reimbursement., Labor aid parts costs
ﬂ ' currently are not charged to each vehicls *o allow lifecycle
!

,'rﬁnl'_(‘w . m,-f Pkl
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costing, as *he use of standarl labor hours and costs ars
not fully incorporated Znto tha manaal system.

Additionally, the tracking of =2 jor components--ernginas ard
transaissions--for evaluation >f equipment reliability is
.ot covered by the maintenance system although MST wishes %o
integrate both of these controls int> an automated systenm.
In addition to ensuring that vahicles are available for
service, the maintenance systea is organized to provide
efficiency reports to manageaeat., Milsag: and fuel 2and 5il
usage and irventory status are reported mon+hly for ipput *o
the planner's computations of parformance statistics.

The main*enance despartmsnt is also responsible
for sanaging inventory and equipment. Th2 objectiva of
inventory control is *o reduce obsolete ita2ms, store and
protect inventory supplies, anl improve far=casting to
establish ainiaum levels of s%5ck whil2 avosiding outages or
delays in availability. Currently, a carizx file is used %o
r2cord receipt and issuance 5f parts and supplies. Due *o
*he easy a;ailability of parts, secure supply channa2is, ard
the maintenance clerk's familiari*y with vendors and parts
usage rates, order points and order quantities have 1ot be:zn
developed. To reduce the cost of inventory and provije an
inventory ccntrol system indepandent of soscific employees,
th2 inclusior of mirimum stock points, orisr quantities, and
ac*omatic generation c¢f purchase orisrs i: an automated
system is desirable. The documants and files supporting
maintenrance administration are describeil in Table X ,
Appendix A.

c. Pinance

The objective of tha financial function is *o
plan for and ensure the effiziant utilization of funds. The
cbjective of a financial reporting system is ¢o proviie a
structured method of accountability and a basis for judging
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operations. MHMST's financial functisns are budgeting,
accounting of revenues and expenditures, internal control
for the safeguarding ¢f assets, and the goplication of
faderal monies. Pinancial reporting and accounting must
confora to generally accepted principles >f accounting and
to the reporting requirements of the UMTA and Califocnia
e Transportation Development Act >f 1971,

These functions are currently performed under 2
. contract with a service bureau. The controller compiles
data for input to the servics bureau twica a veek, Updated
lsdger accounts are returned anil msonthly financial rzports
are created. The controller us2s standarl files to zaintair
the accountirg data as shown in Table XI , Appendix A.

d. Plans

The objec+ive of tha planning function is to

“urn the company's ob<ectives into ~oncrste courses of
~action. This is pursuved In tw> s“ages: setting service
levels and scheduling resources, labor, and vehicles to meet
the service level. 1In suppor“~ >f the first +ask, the
planner conduc%s an annual ridership survay to determine =he
degree to which a2xisting routes and schedules respond ¢o

g AT A AT ey

demand. The surveys q*her information on fare catsgoris:s,
load factors, time and spacing 5f stops, #hich, together
with data on operating expenses, generates figures ¢> deter-
msine which routes are ccs+-effactive, vher2 zone lines
should be drawn, and cptimum fraquency of sarvice. A

? programmable calculator is used in the maaipula%ion >f the
numbers recorded during the survey, bu*t the compilation
process can continue through saveral wesks a2nd perhaps
months. Given these utilization fijures and associated
costs as well as community input, the planner evaluates “he
present level of service against demand and fiscal
constraints +¢c recommend continuation, adjustment, or

v,
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deletion cf routes. Once levels cf servizs are set, “he
planner mus+ determin2 hov the various raates should be
allocated to drivers and buses in segments called "rans."
Fun-cutting must try “o maximiza driver productive time
vhile minimizing overtime and conforming to provisions of
the labor contracts, all subject to the established route
sructure. Obviously, this is a time-consuming procass, arnd
it will usvally require revisisn during holiday perisds and
af+er the ridership survey. Itn support of thess funs*tions,
the planner maintains several files shown in Table XII ,
Appendix A.

e. Administra=ion

—————- . o TS ) P ———. D
.

Ir the general administrativs system, data orig-
inated by the other functional systeams convarge. A%t this
, point, their outputs are combii2d and in%tarpreted *o facili-
tate internal maragement decision-making and exterrnal
rsporting. Data on materials asage, miles and hours of
vehicle service performed, accilents, br2akiowns, ani
expenses enable managemen* to compile m2asures cf perform-
ance *o farili*a*e reporting unier the Urban Mass
Transportation Act o€ 1964 (UMFA), 2s am21d=24, and
California'’s Transpor+ation Dev2lopment Azt (TDA) of 1971,
and to present information for zanagement decisions
af fecting service, purchasing, federal grants, and
martke*ing., Several *ypes of data maintain2d for input %o
the quarterly and annual performanca reposcts provided the
Board of Direc*ors and governasntal transporta*tion iapart-
ments are shown in Table XIII , Appvendix A. The foraa+ting
cf *his informa“ion into formal reports is manual. The
creation of +he statisics drawn fream filss would be 2asily

p supportad by sutomated report gasneration,
i 2
; »
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2. Ipdicators of System Size

Some general constraints must be acknowledgei befors
attempting to fit a compu<ter t5 users'® rsguirements.
Decisions as *0 on- or off-line data retrisval, real-tims cr
batch processing, if made early will channel initial inves-
tigation toward systems built upon those characteristics.
The decision by MST to acauire an on-line, real-time systen
directs their at+ention towvaerd a disk-basad system utilizing
CRTs for entry. But %this category is still too broad to
allow 2 manageable ccmparison >f al“ernatives., O+*her
descriptors ard constraints must comz int> play. Obwviously,
cost is one such constraint; ai orgarization wi+h a budget
of $100 does not spend time 2valuating a $1000 systeam.
Similarly, Chase Manhattan Bank does not consider 1loading
i+3 database cnto a fevw 8-inch f£loppy diskettes. Key
volumes of a system such as sizz of a database ard the
nember 2f users serve *to further define th2 range of
feasibla alternatiwves.

The rumber of users for whom th2 system is plannsd
is baseil upon *the functional br2akdown 5f “asks as MST is
currently organized. + a piniaum, en*ry to the systa2m is
to be made in five locations:

1. Maintenance derartment for inventory and vehicle
aajnterance records update;
2. Comptroller's office for financial functiomns;
3. OJperations planner's sffice for level of service
planning and petformancs analysis;
4. Adminigtrative depar+ment for genaral personnal func-
tions and word processing; and
5. Remote antry from *he Salinas facility, orimarily for
update to the inventory and maintenance recoris.
The detarmina%ion to cerve a minlmum of five users effec-
+ively bounds the rance of feasible options by eliminating




single-user microcomputers from the low enl of the scale and
by suggesting that systems orisanted to serving hundreds cf
users, a* the high-end, would likely not bz cost-effzctive.
Storage capacity required *o hold the da+a and

programs creating the system is another guideline “o use in
idertifying possible computer configurations applicable to
MST. Some processors, no+ably aicroprocesscrs, are limited
in the amount of secondary storage they can access, and may
only support floppy diskette or cassette tape s+orage
devices., MST's secondary storage requiresaents may b2 esti-
mated from the number of characters which compose the files
+5 be stored, incorporating som2 growth fictor over the
system 1ife.3 Da*apro Research Corporatisa [9:5C15-200-108)
recconmends the following formula: Disk storage egquals

1. the number of data file characters; plus

PR L e S e A R R R

perform random access; plus i

3. 29% 0f *h= number cof charac*ers £or pregram storage;
plus

r work files for
tal

Thus, disk s*tcrage squals 165% of “he original da*a charac-

4, 20% of *he number cf characters £
sor+ing or storage of “2mporary 3

2
EY
+2rs, wi+h the %total rounded up *c the nex* higher millior
by-es for safe*y. To arrive at the number of charactzrs of
data which will be held in MST's ccmpu=erized database, *he
"boute force" method was appliad: The avsrage number of
charactars per field were summ23d +o produce an average
rumber >f characters per cecord for formatted recoris such
as fixed assets., Unformat+ted ra2coris wi<hou“ delineated
fields, such as *caining records, were ostimated at an
a&erage number of characters par record. These counts for

- W P P W e W > @@ - - - -

30 system's egonormic d planning 1if2 should copsid-
ered to be a proxgnat:i¥ %gvepto eiggt years [8:1333, though
*he changegb € na*ure o congutar technology mag sudgjest
that any given systenm would be d>bsclete befZre that Tange
;;s reached. _Datapro advocates a five-year life anri tha+

gure 1s used in these calculations.
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each type of record were +thec xul“iplied by “he number of
records ir each file to arrive at an estiaate of thz number
of characters per file. The 2313i%ion >f these figurss
results in a *otal of 10 ®illisn characters which, 2t on2
byte per character, equals 10 aagaby+es >f data. Applying
Da-aPro's feormula, *he followiagy figyures ars generated:
Disk storage equals

"3RI T it teag i,

yields a f*f*h year total of 12,761 mi 11 on datsa
characters; plus

2. 3.190 million for indaxing

3. 2.552 million for program storag2: plius

4. 2.552 million €Sor +emporary work files; equals
21.055 aillion charac*ers. Af-er roundiny up, the rough
total is 22 megabytes of disk storage. This figure raspre-
sen+ts sufficient storage for currently planned usag2 of “hs
system, but 21lows no+hing for growth ~utside “he bounds of
*he forsseen sys=-em. Yew uses, new appiizations c¢€ the
hardwars could nct cccur withoa: buying m>r2 s*crags. This
propeeltion is mere complex than it sounds If the system's
addressing capabilities or disk centrollsr, for example,
%111 not suppeort additional secondary memory. CommOL Sens2
dictates tha+ expansion shculd be plann2d £, and although
MST does no- foresee any grow=h iIn servics or 2mploy2s2s,
experience shows that, once installad, usars will £ind mors
ard moce uses for the computes. One study indica+ei <hat
the overall system cost is miniaized if *he hardware
provides 50% *o 100 more capacity than Is a2bsolu*sly nzces-
sary (10:13]. Using this rangs gives a final figure of 33
to 44 magabytes of secondary m2zory, ia *he feorm of 3isk

- an e B o G e ed Ede 4w -

wb-ch w- 339+zons rﬂ+1rements 0 3ccgu9-s
per year shove a growt acccunts on a1 *otal o 09,
or a 5% increase.

is ggkﬁg g; m the £fixe3d as@e%s ascount
h of 35
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storage for on-line retrieval, as a reasd>iable es+imate =0
be used ir ccnfiguring alternative computar systems fo:- MST.

3. Application Areas

The key to the performance >£, anl user sazisfaction
with, any ccrputer system li2s in the sof“ware runniang on
i+, Small business users typically do not shop for raw
processing capacity, but rather look for spacific sa>fiware
to> fi+* their needs and simply buy wvhatever hardware will
support it. The cost of 2 saall business computer system
may be drastically reduced if packaged software, as opposed
*0 custom softwars, is used. Accoriing t> Sne marckat
analys%, standard sof:ware pricas are abou* one-+hird th=
cost of specially produced s>fruare (11392]. OUnfortana<cly,
vith almost ary packaged projyrams, ther2 will no* b2 an
exact fi+< between the program 32signer's zonception >f s*an-
dard procedures and *he indivilual user's procedures.
Feqardlsss of which procedurs s "s*andari,” cne consaltan=
cecommends =he 80/20 rule: if 30% of *hs package fits the
user's cequirements, i< may maka sense =0 modify reguire-
men+s to +aks advantage cf *+he package as is [1:36]. Of “he
follewing application descriotisrs for ¥oi“srey-Salinzs
Transi*, some, like general l:ziger and acsounts: payable, may
actually £fi+ s+andard packages, which maka2s location of 2
supplier simple. Some, like invertory =oa14rol, may be
gsneral enough to allow the us2 of standard sof+war:z with a
few changes ir current prcceiur2s, For some unigue applica-
-iong, there are no "near-fits" sco that custom sofiware is
+he only option. 1In *hese casss, cecorcmic “heory dictates
tha*+ MST no* au*oma*e those applications for which the cos=
exceeds ‘he value rsceived, This entails a cos:-ben2fi+
analysis of each application in which MST must quantify *he
benefits of computerized versus mannal handling.
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The description of MST's manual filing and manage-
ment control sys“em in section A defined the envirorsent
into which an au*tomated system maust be assimilated and
prescribed vhat functions the system should provide. The
*ranslation of these functions into applications packages
available for cff-the-shelf systeas confijuraticns is
performed below.

a. Personnel

There are a variaty of payroll and personnel
packages on the marke*; scme are integratzd ‘o maintain
personna2l information ard make available *5 the payroll
calculations such data as is nacessary. Payroll dishurss-
ments may then update the financial accounts,

Norn-inteqrated applications car be combir2d to cover the
same functions; separate applica*ions f£>r payroll, persorrel
records maintenance, and financial recoris., Special EEO-AA
applications exist *0 set up ejual opportanity goals ard
prepare required government reports. The ramaining
personnal-type r2cords may bs aain*ained 3n disk for access
by a repcrt generator for summations and sorts. Operator
tinmekeeping presents a problsm to "canned" *timekeeping
routines which are no* structurad to main%ain +the 21 catzgc-~
ries MST would require. It is doubtful that any s+<andard
program could accomamodate the timekeeping requirements.

b. Main*enance

Mein*enance admigistration woi1ld benefit from a
vehicle maintenance program to track lifazycle ccs*s on =ach
vehicle, establish labor standards f£or sain“enance activi-
ties, and track tire life, engines, and transaissions. A
separate application would sch2zdule preventive maintenarnce
at the mileage points stipulatad by MST. An inventory
control application generally will maintain stock levels,
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calculate usage rates and variance from axpected ratass, ani
may autosaticelly generate purchass orders for iteams below

required stock levels. 1In other instances, the purchasing

function may be handled by a ssparate applicatior.

¢c. Finarce

An autosa*ed financial control system would
provide those services which *ha service bureau now handles:
general ledger, accounts payabls, fixed asset accounting,
and payroll. Accounts receivable need n>t be au*omated if
the recosmenda*+ion of one software house president is +aken.
He sugaasts that a volume of l2ss than 10 t~ 15 irvoices per
m2nth dves no* wvarrant accounts receivablz autcmation
[12:72)} Some financial reporting, such as balance sheeot
preparation, is available with almos* all jerneral lz2iger
programs; however, most of the specializel repor+ts d=alirg
with federal grants urder the UMTA would not be automati-
cally procduceé at the punch 2f£ a1 button. They could,
kowvever, be ccmpiled from informa*ion ra2siiing in thz,data
base via report generation.

d. Plans

Tte planning func%ion is unigus %o “he indust:y,
eand not easily satisfied by genaral-purpose sof*ware. As
+he history of computerized transi* managament shows,
customized applica*tions for this function were designed
within the construct of a complate system, primarily for
nainframe computers, elimipating the opportunity to pick and
choose among individual route planning packages for samaller
systems, However, a gereral-purpose elact-onic sprzad-shee+
could assist In tabulation of the ridership survey figures
used in determining demand and service utilization. The
ridership survey requires sanipulation of a matrix of 13
co>lumns by a variable numbher of rows. Tha columns racord
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data cn fare category, number 5f passengers on board, how
many deboarded, time cf Jay, and othar infsvmation £or each
of the bus stcps listed in the rovws. Thas: coluans and rows
are prepared for every bus routa2 to compute various ratios:
average load (number of passengers over the number of
seats), passenqers per aile o5r passengers per hour. The
| computations are elementary, but there arz many of thenm.
The scheduling funstion, liks planning, is
transit-specific. O0€f the several run-cut*ing prograsas
developed frcm the original RUCUS model, none have b22n
desiqned apart from a cus+<omiz2l “ransit systea, again,

rimarily for mainframes, and so are not available for off-
the-shel® system desion.

o ar A e s
-

e. Administration

The administrative reporting iamands may be
satisfied by a report generator or data base managemsnt
system (DBMS) query language facility to allow da*a fronm
malintenarce, planner, personnel, and controller filas to Dbe
aggregated. A DBMS will allow individual fizlds froa
} differen+ files =0 be combinzd a2s the rzgiirements dic-ate.

For example, expense data can b2 drawn from the financial
: files for ccmbination with mils2age data m2irtained in
: ‘ vehicle files “o create the efficiency s«a1tistics called for
by the state transportation 3epar+mernt., PoSr general cler-
ical -equirements, the administrative systam would b2nefit
from tha capability to perform word processing: “he
encoding, format+ing, editing, printing, and storage of
; compunizations using computer-based hardware and software.
) This would be used *o greatly ceduce praparation %time of
j monthly correspondence, tvwo larje anrual repor*s, multiple
s mailings, coach opera+<or schedules, and “2aplates for

I

printed forms.




III. PRESENIAIION QP ALTEREAIIVES

, A. GEFERAL

This chapter presents four alternate computer systeas

0 vhich aldress Nonterey-Salinas Iransit Coxpany's reporting

! and record-keeping ne¢ds in varying deqrees of completeness.

é The four choices fall in*o two classes 5f computer systeas:

m.aricomputers and microcomputar networks. Although distinc-
*ions are blurring between classes of coaputers based on

f size (is it a low-erd mini, a supermini or a mainfraae?),

5 the idea of a traditicmal ainicomputer zonfiquration is

% sufficiently well-understood t> not warraa* elaboration.

: Hovever, *he corcept of a network, particularly a microco-

' 1 muter local area network, is not so widaly concurred uporn,

’ and at this point, the terms anl distinctisns deserve brief

1 explanation.

‘! B. LOCAL AREA NETWORKS

E ; A local area network, or LAN, desribes an interconnected
collectiorn of autonomous computars joinad within soae
iimited geographical area, genarally acczpted €0 be lass
than a diameter of 10 km. or six miles or s> [13:102). LAKs
evolved from the longrange tslacommunications ne“works
developed in the 1960s. As universities and research labs
bagan installing computers to assist in their operations,

“he need arose to share information betwean them, This was
handled by passing packets of informatis>n® across a

Spack S the te sed t3 refer to> blosgks of digisa
data to v 13% »out ing ngornatzon and efrorodes ctiongfigids
are appsnded. The user is unava;e of *he breakdown >f hise
nessages _into gackgts or transaission anil of the subsequent
reassembly a* destination as th>se tasks are functions o6f
*he network software.

9
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' comnunicatiors link between host computers. Network devsl-
| ' opers had to ensure that packets were delivered *o “hne
correct destinaticn, that they were reasssabled in<o

! ) complete messages or files in order, and tha* packets did
not collide or could recover from collisions with other
packets using the medium.

| various schemes wvere developed to control access to the
: retwork, detect and correct collisiors, and ensure coaplete
and correct “ransaission. The first comasrcially sec-cessful
local area network was Ethernet, introduc2d4 by Xerox in
1979. Btherret is a rassive comamunications aedium, i.=s.,
rot controlled by a master CPU (central processing unis) and
no* relying or svitching logic to s2rve its stations. The

T e ——— S ———
.

E*hernet network simply accepts transmissions from attached
nodes,® each of which controls its swn conmunications ¢ran-

! sceiver, A transmitting node aoni¢ors +thz chanrel for

C +raffic and sends when the channel is iilz2; the receiving
rode accepts packets with its 23dress, ignoring all o*hers,
and acknowledges correct recsipt %*o the ssnder [18:138])., If
any cne of the systam nodes =11, “he cthzrs are not
affected. E+hernet was desiyn2i1 *o be sianple and reliable,
y2+ such a scheme is cbviously more complax than simple
point +*o poirt communica*icns where every link is a dedi-
ca*ed channel.

Two ccommonplace alternatives “o LANs are products which
provide multi-user precessing and resourc2 sharing but not
+he complete computer interaction which is the keynots of
+true networks. One implementatior instills several aicro-
processor boards and memory boards in a chassis. Orne2
micrcprocessor is usually reserved for controlling shared
access to the central disk and printer, and terminals are

¢The vord "ncde" ii gsed hzre %o sug%=st a%x number of
devices: main r n or nicroco putar ont an
processors, tern control uii+s an perIp erals, for

exanmple.
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connected to each remaining processor so that each user on
+he system has a dedicated CPU. This aethod, *hougk inex-
pensive, cffers few of the advantages for which
licrcCOlputer ne~works are chosan. Users cannot u*tilize
private printers, floprpy disks and the like, nor can they
directly communicate with each other, sav2 by going through
the common service processor. Worse, if any of the asdules
{n the central unit fail, generally the ai1*ire systea is
down.

The other product is the disk multiplaxer where several
microcomputers are multiplexed into a disk controller, which
controls access +o one or more hard disk drives. A d¥sk
mul+iplexer may be likened to a fast rotary switch waich
cycles around, checking gach attachad workstation for a
signal reques+ing disk access. The multiplexer procassor
services the request and is *han free to rasume cycling
[13:95-96). As with *the central microprocessor chassis
implementatior, separate stations cannot ccmmunicatas withcut
routing information through th2 multiplaxzr, ei*her to <the
disk ard back ou: %o *he destination s*ation or +o a buffer
and back to the destiration. But “his Implsmentation does
provide ar added measure of reliability in %hat individual
microcomputers may fail without in%terrupting data transfer
and computaticn for the others. Only if the central 3isk or
multiplaxer fails does all work stop; this risk is a
tradeoff in cost and complexity which many orgarizations may
be willing to make. I is thes2 sor+ts 2f cos¢ +trade>xffs Iin
hardware, as well as *he software performance differances
be-veen a custom designed sys<t2m and off-the-shelf systenms
which are examined in “he analysis of th2 following four
computer systeas.
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C. THE CONPUTER SYSTENS

1. The giaisgnnms

The first system is 2 professionally developed
transportatior management syst2a called Trans-Pac, distrib-
uted by Arthur Andersen & Co. T[Frans-~Pac is applicable ¢o
public and private transit operators with from 20 %o 500
vahicles, and is designed to be usel by ragular trapsit
company staff with no computer 2xpertisa., The systaa runs
or Qantal hardware which is configured t> £i+ the size of
the individual companies. Thus, it car run on Qantal's
Saries 200, 300, Moldel 960,965, or 970/375 minicomputers
fi++irg a vide range of terminal and disk storage rsjuire-
ments. For a company the size of Monterey-Salinas Transit,
the recommended package would include 128K (kilobyte) of
random access memory (RAM), 40M (megabytz2) 3isk drive, 5
CRTs, 2 magretic tape drive fcr backup, and a2 120 cps (ckac-
acter per second) serial printsr. (A l2tt2r-quali‘y prirn*er
:g also desirable but is no* included in the package price.)
Modeuss 2re rot manufactured by QJan<2l bu:t *he sys+em accep<s
da+ta ccmmurications equipment rated below 9600 baud. The
Trang-Pac software is writ+ten in Qan+el's version of BASIC
called QICBASIC. Applications czover every facet of transit
management, specifically:

1. Pa !ro‘-,a"d gersonnel' sperator timgkeeping in all

eqor:.ee ax and voluntary deductions, ovartime
9{ pay and ONTA reports, actident and incident

2. Pinancial recg; and ragor S gerar al Jedger,
accounts e, accounts receifable, fixe adse*
account*na and depreciation, and UMTA Section 15
Teports;

3. gintanance~ giev~nt*v= na‘n+en nca, fuel con=ung
on_report f fecycle v; -cle pacts cos+*i ng or
materials usage ' tracking, 1inventcry con+tfsl

retw

4, P}annzgg routing and runcutting, processing of
dershkip surveys;

» 32cident
abor,

Se. ae or+ing revenue and ridershl in
Y ﬁor‘ qnhﬂr-

re
safe repcre action 15 £ nan§
ato%cency and sche&u ng reports, an

or:
ial
re
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The software comes as a package bundlal with +he Qarntel
hardware. Arthur Ardersen § Co. bresaks down +“he tc+al
system price into $70,000 for hardvare ani system software,
and $20,000 for applications s>ftware. A2 addi+ioral fee :s
charged for isplementation and user training. A suamary of
the costs is presented in Tabla I .

TABLE I
Trans-Pac Hardvare and Software

CPU Model 965
8-bit word, 128K RAM, 32K RON with
operatin sy§t n and language pa*‘lally
impleme iravare,
tine-shared (not nul‘iproqranmed)

Speed Add time . B.g microseconis
Memory cle tima 1.5 _microseconis
Maximum 1/0 rate 9)0K words per second
Capacit Disk cartridge 40M
P Y Termlnals ? X S!k . s
? 6K - 72K bits per secord ébps)
inter 120 cps

cos*,
Hardware Qantel rackage £70,000
Softwars Sort, utili+ies, :? piler included
Trans-Pac appl éations 20,000
To+al $£90,300

The Wang 2200 Series Iz aimsd at firs*t +ime asers
wi*h general business requirsments. The 2200 MVP modesl will
support 13 users utilizing a 15-partition23 memory scheme %o
provide *rTue mul*iprogramming. The syst2a may be expanded
up to 512K of main memory and supports 48)M of disk storage.
Interactive terminals with business graphics charactars and
a wide base of Wanqg ard indepenlen: supplia:r data and word
processing software make this sys+em well suited %o the
business environment. The system includes either a BASIC or
COBOL interpreter and operating system implsmented in ROM
(read-only memory) vwhich frees the available RAM for user
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TABLE II
Wang Hardvare and Software

cry 8obit 3202 Remory, 26 bit control
ata contr memdT
328K RA N C6AR ROR, 2tyaitpgaRfIgl,agmoty.
merory manageament for amultiprogrammirg
Speed Add +ime 13 msec
Memory cle tinme .6 msec
Maximum I/0 Tate 100K words per s=2c
Capaci* Disk dr jve 30m
P Y Terlinais (24 x 80 plus 64
graphics charactars) )
Printer . 180 sps
Tape drive 55K - 130K bps
Cest
Hardwvare CPU 12220
terminals @ $2700 13500
disk _ 17200
rinter, centrollar 3700
_age dr fvs 13000
Total £59,200
Software Wanrg In+egra<ed j:formation System
(sogt, 1 qutilit{as, 5 subrouzlnes
no charge
gpglications .
integra+ted tusinsss package
(GL,AP,IC,PO, 7A) 8229
pa goil 1500
vehicle maintenance
and efficiency_systanm 83390
electronic spreaisheet 5290
word processingy 1500
TEpPOTT genera+todr 4500
$28,500
Total $87,700
Note: 3L-General Ledcqer AP-Accounts Pagable
IC-Invertory Céntrol | PO-Purchass JOrdering
FA-Fixed Asset Accounting

processes. Wang offers mcdesws for remote Jata communica-
+ions, as well as several printars. In order to make this
system comparatble to Cantel's, similar capacities were
chosen Zor the configuration. Jff-the-sh:z:1f sof:twar2 was
found for most computing and file keeping applica*tions, bu+
obviously prcgrams to format and report specific data
elements for UMTA Section 15 and o<her transit company
routine reports is not availabla. Zustom %talloring is
necessary for those functions. The hardwara and sof:wvare
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specificaticns are summparized in Table II . The Wang repor+

generator for this model computar costs $25,000. This price
would easily thrcw Wang out of the runniny, so a package for
similarly sized hardware was substituted »>n *he supposition
that a verdor would be able ¢to find a rsasonably priced
package.

2. The Microcomputers

The two microcompu*er zanfijuratiosns presentzd below
i i do not 3iffer appreciably in *h2 cost of applica+iorns sof+-
ware. Microcomputer software runs within a predictable
price rarge ¢f $100 *c 3800 per applica*i>n (and heavy
competition crea*es sizeable discounts), with some oatlyirng
figures for specialized prograas for which the marke: is
limited. Similarly, sof+ware d2signed for proprie<tary oper-
ating systems and lanauages may tend to c¢>st moTe than tha<
designed “o run on widely used products such as the 3= fac=o
standari microcomputer operatiny system, CP/M, because %he
: cos+s cannot te spread over as large a cus+tomer basz. It
i \ can be concluced *hen, that wh2re the *w> aicro ne*wsrks 4o
dif€fer ir cost, i* is a functisn of the hardware ard asscci-
ated system scftware, anpd not of +the applica<ions.
A simple device-~sharingy microcomputzr ne*werk is
Intertec Data Systems' TompuStar Microcompu+=2r Systsm. ThLe
CompuStar network consists of up “o 255 microcompu*ers

called video processing units (VPUs) daisy-chained tagether
to share the resources of a single hard disk device.
CompuStar allows mul+iple users to access “he common da*a
base while allowing individual users +he 3bility %c maintain

private files on local floppy 31iskettes up “o 1.5M.
CompuStar may be configured around one 5f three disk storage
systens: 10M Winchester disk or a 324 or 964 Controsl Da-a
Corp. disk cartridges. All ar2 equipped w#ith a disk

controller and nultiplexer circuit to <ie user stations in<%o
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TABLE IIXIX
Intertec CompuStar Har dware and Softvare

CrU Model VEU 20

Z-802 Erocessor, 8-~bit word, 64K RAM

utiliz

Speed Data transfer rate
Add time (appryx.)
Memory cycle time (approxi

Capacit Disk cartridge w/gontrolla

P Y Termirals (VPBUs) (28 x 835)

Printer

Tape drivs

Ccst

Hardware YyPU 20 @ 3000 $

4isk

rinter )

ape cartridge

to*al

—
Nt
(V) le el w)
OQOQ
[elelola]

Softwar: +toxt 2ditor

Applica*ions
gereral ladger
accounts pay
payroll L.
assets/deprecia*ion
inventory cor+<rol
purchasing
modeling/Spreadshae+
word précessing
Teport generatdr
or DBMS ‘query
total

weigh*+ed averag

70%2 1low; 30% hi

DE NS s
Wwo WMOEFOQOOLO0
oo OQOOQODOX

-
W oN

.

EH
Jh = ve

§

Total

~he disk. A4s a disk mul*iplexed systenm,
the complexity of true ne*tworksd systems
somewhat higher price, bu% also gives up
direct communica*ion between wdrkstation
processing. The system is expanded simp
another workstation to the natwork zircu

ng CP/M in Microsoft BASIC

1.§u per s=c

- 2 msec
«2 - 1.6 msec
r 3zg
120 cps
48K bps
$31,530
no charge
Aigh
877
820
439
830
827
439
339
530
020
8GO0
h-=ed avg %$3,300

$34,800

ZompuS*ar avoiis

as well as the

*hs advantages of
s ard distributed
ly by connec-ing

i+, Cornnec+tiors on

each VPO are :Independent of terminal oparation so that

failure of a VPU does not affect others.
are 8 bit processors cffering 64K of RAM
with a cheice of Micrcesof“ BASIC, COBOL,
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Intertec does no* offer printers but the system accepts ary
ES-232C interfaced printer runaing at 9500 bi*s per second,
cr slower. Mcdems for remote system entry are also avail-
able from other suppliers. Typical costs for one !
configuratior of the CompuStar system are shcwn in Table III |
. Software prices are shown as high and low figures. Since
high prices are rarer than low-end pricss, and since
CP/M-compatible software in particular s22ms +o benefi+ fronm
prevalent discounting, a weight=2d percentags is applied *o
each subtotal to procdwe a waighted averay2 porice.

The Yestar Cluster/One Model A is a true lccal area
network based upon Etherne* principles, bu% implementzd on

Apple (or in *he near future, IBM) personal compu¥ers. The
system includes integrated software and hardware fza*ures
ne=2ded to handle data processiay ard data communica*ions.
Workstations can operate independently with a full comple-
ment of local peripherals, such as floppy 1isks ard
printers, or as participating n2twork members wi*h a share
of “he common da*a base and peripherals. The network
ircludes a rumber of network "sarvers," i:fined as any of
“he netwerk stations which provide serviczs--such as printszsr
suppcrt, disk access, d4a*ta basz managment system access--*o
other stations. The servers are distinguished from ciher
stations merely by *he softwarz *hey run [13:108-10]). To
provide access to the hard disk s%*crage, 2>ne of “he
Cluster/One s*ations must operate as th? n2twerk file
server. Other software creates a print s2rvar +o make a
number of printers available +#> the network. Network
programs may be execu+ted under Apple's DOS (disk cperating
system), and SOS (sophisticatel operating system),
UCSD-pSystem cr CP/M cperating systems, a flexibilisy whiéh
provides a sizeable pcol of software suppor%. Apples are
fitted with an expansion card f>r each oparating system
desired, and users can switch at will betw2:zn operating
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TABLE IV
Nestar Cluster/One Network Hardware and Software
CPU Apg;e II
8 bit werd, 64K RAM, 12K ROM
Assembler and control proaran
partially implemsnted in ROY
y
Speed Transmission race 240K bps
Capacit Disk dr ive subsystem 33
P Y Monitors (24 2333) g
Printer . . 100 cps
Tape cartridge 4rive 240K bps
‘ Cost
; Hardwars Cluster /One package $33,500
‘ Printer 2,500
Softwar2 sot*, assemblerk €ile server no cha:ae
print server sottware 1,300
Agplicationg ]
The same softwars costs as in
H Table III apply since this
network can use the same CP/M
software priced in tha
Comgustar szstem as well as
Agp e-ccmpatible sof*ware,
which 1s priced zimilarly.
Total (weighted averajye) £3,300
Total . $40,300
systems. For connection *o th2 ne“work, 2ach micro aus:
have an interface board in which network protocols are
executel. The system bcas*s increased reliability because
nd> one cri*ical component mus< 2Xxecute for network communi-

cations to take place. If the actual disk hardware failis,
“hen as in any system, the systam fails; but indiviiuals
stations may be removed, turned off, o5r may fail without
in+*errupting “ransmiscions from other nodas. Cluster/One is
expandable up to 65 users with secondary storage of 364 per
file server. Additional file s2rvers can be added for virtu-
ally unlimited disk storage. The Clusta2r/One packags comes
vith Apple CPUs, Apple or other manufacturer video moni+ors,
a sealed hard disk, tape cartriige for backup (a single
cartridge can wri*e and check over 20M bytes of data in 12
minutes) , network interface cards, cable and connectors.
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Addition to the network is the cost of ths Apple plus $395
for an interface card. Typical Apple and Nestar cocsts for
the chosen configuration are shown in Table IV .

D. ASSUMPTIONS

The following asswmptions ware made ia +he development
of the three "pseudo-systems” and for daciiing what costs
vere included in the comparison of the four sys+tems.
Disagqreemen* with the author’'s assumptions may invalidate
portions of the analysis.

1. Compatibility cf softwarz with hardware is based
sclely on a so ftware pa:kage's.statad compa+ibility
with hardware
a) manufacturer,

b) operating systenm,
¢) language, and

d) mainr memory requirement, if givan.

2. Compatibility of hardware Iis either expressly stated
5T based upon standard interfaces and I/0 (inpu</
outpu%) restraints.

3. Some hardvare and software elements apply equally %o
all alterratives and ars no* broken oSut separately
for cost analysis., Thess it2ms include:

a) modems and *he phone line for link to Salinas
facili+y;

b) let+ter-quality printer for which costs differ by
nanufacturer, but ars roughly the same for equal
performance. The printers incluisd in package
prices are of lower juality for routire printing;

c) implementation and trairing costs, because *hey
apply “o all systems and vary widely by supplier
and degres of assistance lesireil.

u2
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4. Trans-Pac is considered to provile 100% performance
aven though some of its features are no*t op+imunm,
(e.g., the repcrt writer function ilo2s not coapilz %o
the CRT or disk, only *5 the printar).

S. The functions cf a particular software package can
only be guessed from the sketchy dascriptions given
in source catalogues. 0Onless stata2d othervise,

f applications are stand-alone, non-integrated pack-

: ages.

f 6. Software and peripheral prices vary widely and cos*s
used in this analysis can only be approxima+«ions.
The inten= is *o provida typical costs and gsnsral

| availability of equipment and software.
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IV. AMALISIS AND CONCLUSIONS

A. ANALYSIS OF ALTERWMATIVES

The bottom line costs attached to each of the four
alternatives presented in the preceding chapter 4o not %211
the whole story. If the systeas vere of aqual perforaarce,
“he decision maker would pick the lowest cost alternative.
As they are not, this section analyzes thz tradeoffs in cos:
and performance in crder +o arrive at a cost-performance
curve.

Software performance is the main ingr24iernt in a
successful system and in a situation such as MST's, where no
in-house programming or fine-tuning of software is possibls
(without hiring a proqrammer), the fit >f “he scfiware *o
company needs is the essential factor in lstermining
performance of the system. Sinzce both mizrocomputer
retworks are assumed *o u*ilizz equally capabla sofiware,
+the software performa rce figurss for tha two systems are
recessarily the same. Thus, differentiating between thes two
tased on software performance is pointless as they are
vir+ually indistinguishable, 1In the following comparison of
the systems, CompuStar and Nestar Clustar/%ne are coabined
under +the heading "Micro Networks." Each of the resultan+
three systems is graded on its responsivenass :o
Monterey-Salinas Transit's software needs, 2s described in
Chapter II. To establish the yrading scals, each applica-
tions area is assigned a number of points out of 100, and
each competing systea is then jiven a percantage of those
points to reflect how well it a2e*ts MST's functional
requirements.

4u

TN TN 3 AP AT -5 85 NN AR AOAIBRIR ST I o A . e s s e e




Assigning points *o each functionpal area requires tha+
an assessment of oeach function's impact oo transit manage-~
ment be made., I%+ is simplest t> equally divide *he 100
points betweer the five applications arsas (personnal and
payroll, maintenance, finance, planning, 2nd administra-
tion), but, ir the author's opinion, this would not
accurately reflect *he relativa importancz of the functiorns.
The following discussion presents one weighting formula us24
in the succeeding analysis and justifies i*s choice. Using
these weights, the allocation of points t> each systea is
pade based upon *the capabilitiss of the individual software
packages included in +he system specifications compiled in
Chapter III. However, bo*h o5f these numecrical assessmen’s
are subject to change. Other 1sers may value the a2pplica-
tion area weights and *he point alloca%iosns differently from
“he author, resulting in widely varving scorss for the
2lternative systems. To lessen the impact >f <¢he subjective
ra*ure 5f the numbers, iwo vweigh+ing formulae and twd> poin=
allocatiorn schemes are used in the analysis of *he cost-
performance *radeoffs. Sc¢ while the numbars generatzd may
not conform to every decision-maker's vies of sofiware
performance, the methed employsd is illustrative of the
process of ccst-performance detarmina+ion ard may be used
regardless of the decision-maksr's prefarances,

It is estima+ed that over 8)% of a transit property's
total operatirg budget is directly and iniirectly influenced
by the schedule, in terms of sarvica levels se*t arnd
r2sources (labesr and equipment) useld, OJptimization >f these
scheduling proceéses may sav2 a company 3 to 5 percent of
system osperating cos+s (4:19]. Manual scheduling and
service planning are extremely time-consuaing, a fact which
further boosts +he iamportance >f automatei scheduling. Por
these rzasons, a Rucus-type capablility is considered by the
author to be *he most important use of MST's automatad
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system, and is assigned 30 perczent of the 100 software
performance points., Mein*tenanca of the bus fleet is the
seccnd most costly furnction and an application to ercompass
the necessary maintenance schednling, rec>rd-keeping, and
fuel efficiency amonitcring is useful for both routinz main-
tenance decision-making and periodic efficiency reporting.
The author assigns this capability 25 points. 1Inventory
control is another time-consuming *ask; inventory levels
nmust be continuocusly upda+ed t> ensure that stock-outs of
parts and fuels do not occur. A benefit o>f an inventory
control package which interfacss with the maintenance
racords is that complete cost profiles of vehicles ars
always available. Such an application is assigned 12
points., Financial reporting and accounts mainrtenance ars
critical to every business, both for intazrnal contrsl and %o
comply with external reporting responsibilities. Ir addi-
tion, an accurate and timely payroll is nacessary for
employee satisfac«ion and loyalty. Accoriingly, accountirg
functions are assigned a valus o5f 18 points., The large
volume >f repor“s generated by MST makes “hs capabili:y *o
capture, sum, avserage or in some fashion maripulate, forma+
and print data a very attractive “limesaver. Trans-Pac is
cbviously “he only system to format reports specifically for
UMTA, Sectior 15 requirements, but a repor: genera%or
accessing all files will be able to approximate this
feature, This capabili*y is assigned 15 points. The
veights and *he corresponding points allocated tc eaczh
alternative within each applicaticns area are shown ia rable
V . The applicability to MST's specific raquirements, angd
the degree of softvare integration are th: main factors
vhich guided the author in graiing each alterna+ive,
Additional no*es are rrovided to explain specific point
2llocations. A plot of the performance scoraes versas the
cost of each alternative, calculated in Chapter III, is
displayed in Figure 4.1 .
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TABLE V
Softvare Perfocrmance Scoras

fmcmcecmeeemo-_lzanstPac = Wang ____Micro Networks __
N D
RALiEe ce (25) (8d%) &% (8% ©

Lansns T2 (133%) (Agm‘d (78%)5 .o
;’:-,a-aggggoll (18) (133%) (33%)5 ** (315335'5? 9
fehoiation 15 10.5 *h 10.5 *h
e (o (0 (oTH )

Total “TT0.0  e2.0 395 T

No*es: .

2. electronic spreadsheet for number manipulation orly

b. same as abcve; micro version less powerful )

c. allows vehicle files tc be held, but nd> automatic
maintenance scheduling or exception repor+s
and IC; nc maint. )

d. in*tegrated Burchasigq and inventory corntrol (IQ),
but no maintenance interfacs

€. separate purchasing and IC, and no maintepance intsrfsice
£. stanlard accounts and payrcll, bu* financial reports

not transit-specific; in eqra{eu packay2
g. same as above but not integrated

manual fo:mattinﬁ and infoImation compiliation of
TA Teports)

reports,(e.g., O
The "best choice" decisisn, +thougqh no* direc*ly readable

from the graph, can be quantifiad by determining how much
additional cost is incurred by moving fros a lover-
per forming system %5 the next higher systam. This is the
marqginal cost of +he higher-priced system in %erms of %he
amount of performance increase, i.e., the additional ccst
per unit of performance gained. Th2 marginal cos+ of +the
lowest-priced system (the aicrozomputer altsrnative) would
be determined by computing the difference between its cos:
and the cost cf “he current manual system, if that ware
known, in teras of the increas2 in perforaance levels, if
+hat were known. Thus, the cost-performance curve in Figure

47

TR ey e A MY e T T PN, A AR . It

4




L

e

»

: T
Performance _
100 -+‘
80
W
60 +
M
40 +
20
&‘ 20 Qg0 T TR OTTTTTTTTBOT T 3100
Zost (thousands)
Note: T = Trans-Pac
W = Wang 2200 MVP
M = Microcomputer networks

Pigure 4.1 System Performsance vs. System Cost.

4,1 shows tha* in moving from the Micro N2twork al%ernazive
“5 *he Wang system, 22.5 additional units o5f performance ars:
gained at a cost of $52,900.7 The cost of gaining 28 more
units of performance ty moving from the Wang system to
Trans-Pac is cnly $2,300. The marginal cost of moving fron
+he microcompu*er system to Irans-Pac is the sum of *he
above changes, or $55,200 for 5.5 additional perforaance
points, Withcut further aralysis, the low marginal cost of
selecting Trans-Pac over the Wang alternative suggests that
Wang would not be selected. Without krowing *he individual

7T f;a re is thg ressa g subt*ac;i $34,800 fron
Wang's § 3 cost. I3 E e -os of e Com ui
alternat -ve :s *he lower cos-. for that parf ornance ev;l.
it is not rea=onab1e +0 pay more +han nacsssary by buying
the Nestar systen.
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user's value of performance, hovwever, is impossible to say
vhich alternative is "best": if performancs a*t any cost is
desired, then the Trans-Pac system is obviously “hat user's
choice; if maximum performance for $15,009 is the goal, then
none of the alternatives are acceptable.

The marginal costs between systems change in response to
changing user assessments. Duz to uncertainty in both price
and performance figures, the p>ints on the graph are no
longer discrete, but become blarred as a rasult of the
numbers' sensi+tivity %o chanjye. Pirst, zach poin*t covers an
expanded vertical space *o account for ths variability of
the costs; this due tc the estima+«ion method used ard <o

T

Performance
100 ' |

80

—t
60
M
40 +——t
20
6 20 R ' ' et 50 1 3700

Cost (thousands)

FPigure 8.2 Systea Performance vs. System Cost Ranges.

allcw for change in market haridware and s>ftvare prices.
Using a percentage of 10% %o cover what th2 author considercs
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the most likely circumstance, 2 rarge is 3aveloped f5r the
probabla cost of each systea:
1. 381,000 to $99,000 for the Qantel hardware anl
Trans-Pac softwvare;
2. $£78,900 to $96,500 for the Wang systam and associated
sof tuare;
3. $31,300 to $38,300 for the Intertec CompuStar
P network; and
4. $36,300 o $44,300 for the Nestar Tluster/One
! : network.
These fiqures reviss the original plct to that shown in
Figure 4.2 . The highest and lowest microcompu*er prices
are used to bound the cost ranjy2 of the Micro Netwcrks
al*ernative. Using *his curve tc figure the marginal costs
batween alternratives is slightly more difficult +than before.
Once ranges c¢f numbers are addra2ssed, the decision must be
made as to from where within that range margiral changes
will be measured.

To ililustrate: The Wang system costs be-ween 378,900
and $96,500 ard “he microcomputzar alternative ranges from
$31,300 *o $44,300. The guestion is whether *he change in
cost should be computed between mid-points, between high and
low fiqures separately, or between a combina:ion of high and

z low fiqures., Wh=reas a given market resp>ads as a single
en*i*y to influences cn pricing, individual sellers need not
react in unison. Any one of the manufactacers or vendors
supplying the systems in this study may change its pricing
policy without immediate and specific regard to *the sther
vendors. Thus, if a *en percent price hike is experienced
by the microcomputer alternativa, it does no= necessarily
fsllow that +he Wang systeam will undergo similar prize

- . changes. PFurthermore, it may b2 argued tha* minicomputers
and microcomputers are really separate markets; consequently
pricing strategies in one do n>t influence “he other. Since

W A R i =T . w2 . e .- LI R S S QP WS e v ST e e e . e -~ Ve —
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there is no wey to pre-deteraire ths costs with certainty,
*he concept of risk aversion sugygests calculating ths
marginal difference in cost using worst case figures, i.e.,
high and lov prices. Thus, th2 highest marginal cost that
the Wang system may incur is if the very cheapest price is

r . p2id for the microcomputer option while the higher price
must be paid for Wang. Using worst case figures, +he
marginal cost for the Wang systsm is $96,500 minus $$31,300,
or $65,200 for an increase of 22.5 perforaance points. The
marginal cost between Trans-Pac and Wanrgy is $99,000 zinus
$78,900, or $21,100 fecr ar addit ional 38 »>erformance poin<+s.

The marginal cost of upgrading from thz amicrocompu*sr cp+ion
to Trans-Pac s $99,000 minus $31,300, o>r $67,700 for a 60.5
point increase. Under this analysis, the marginal cost
figures are no longer as unfavorable to th2 Wang option z2s
bafore price variation was addra2ssed. While 4he $2,300

marginal cos* previously calculated betwean Trans-Pac and

i Wang represented only three percert cf thz anticipated ccs+
of the Wang system (i.e., an upgrade to Trans-Pac could be
zccomplished for 103% of Wang's prize), this $21,100 wors+t

‘ case marginal cost repra2sents almost 27% >f the original

! Wang sys+tem price, making the upgrade decision one raquiring

; ; some thought. The Micro Networks “o Trans-Pac upgrade

: involves a 216% price augment for a 60.5% parformarncs
improvement.
Performance figqures are alsd> subject t>5 change. The

ve :ghting formula applied abova may not azcurately rzflsct a

specific user's valuation of thz five software performance

areas. For instance, ancther dscision-maker reviewing +hess

alternatives might value applizations which perform calcula-

*ions over those applications which primarily hold rscoris

and do not utilize the computiag power >f *he computer,

i.e., the concep* of a "compu+erized filing cabinet." 1In

that case, he miqght assigr heavier weights *o scheduling and
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!
financial furctions, which are mathematical, and less “o
mairterance, Inventory and administrative record-keeping,
TABLE VI
Softvare Performance Variability a
Trans-Pac Wang Micro Networks
Schedulﬂng
Support (40) 40 8 4
E ment
Hggn emance (12) 12 1 2
Inventory
Control (10) 10 8.5 7
Finance and
Payrcll (33) 33 26.5 25
gepor"t
speration
and Fale
Ma*ntenance {5) 5 3 3
Total 100 57 41
|
_f computerized activities which might be callsd "digital bock-
l keeping." This evaluation is shown in Tabl: VI . The same

point allocation percentages davised for Table V are used <o
ds*ermine the scores relative to> *hs new wsights.

The other subjective factor which affac*s the perform-
ance scotes is the percentage of possible points allocatad
“0 each computer system once *h2 weighis have been es<tab-
lished. The author's opinion »f a sofitwars package's value
to MST letermined the scores attaired undsr zach weighting
£5rmula. Anc+her decision-maker who beliaves tha+ *the user
will learn %c exploit the capabiliiies >f a system wdould no

d>ubt assign consistently higher values in zach of the
application areas. For exampla, 2n analyst mpay assume tha*
a knowledgable user will, with practice, le2arn %+o0 extrac*
Py more computational and decision-making power from “he elec-
! ‘ ‘ronic spreadsheet and modeliny applicatisn. This will
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increase the sys*em's value in the scheduling and plannirng
area, for which the application was originally in+terded, and
2lso increase the system's usefulness in ths finrancial ard
administrative categories as tha user utilizes +he fore-
casting and statis*tical report generation capabilitiss,

Such an evaluation, where ths analyst assimes +that the user
will augment the ready-made abilities of the software wi:h
experience and perhaps his own programming, is shown in

TABLE VII
Softvare Performance Variability B

Trans-Pac Wang Micro Ne<+works

SEEEBﬁIEng 30 —ZT - 9.5 "~ "°°°°
Support (20) (70%) (65%)

gnent 25 22.5 16
nalr terance (25) (90%) (65%)
Inventory 12 10 8.5
Con+rol (12) (35%) (70%)
Flnan e anp 18 16 16
Payroll (18) (90%) (90%)
Rzport
Gegerqt- 15 13.5 13.5
and File (15) {90%) {90%)
Maintenance
Total T00 =T8I = TIH T

Tables VII and VIII which apply reovised allocation percent-
ages to *he “wo previcusly described weighting formulae.

Combining *he two weighting formula and “wo point allo-
ca~ion percentages prcduces four sof“ware performance sceres
for each alterna+*ive, (although obviously, Trans-Pac 3id nc+
vary from 100% performance as it is the standard). Taking
“ke high and low scores for 2ach yields a probable pzcform-
ance range for the compe+ing systems:

1. 57 to 83 points for the Wang system; and

2. 39.5 %0 73.5 pcints for the microcomputer networks.
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TABLE VIII
Sof+vare Performance Variability C

Trans- Fac Wang Micro Ne+works
Schedulifg - T TTTTTTTET T T
Support ?uO) 40 26 24
Equipment
Maintenance (10) 10 9 - 6.5
Inventory
Control (12) 12 10 ; 8
Pinance and
Payroll (33) 33 29.5 29.5
Repor+ |
Generation
and FPile (5) 5 4.5 4.5
Maintenance
Total YOU Y A R - TZ.5 -

Figure 4.3 preserts the revisel cost-perfirmance graph based
upon th2 variability in both prices and psrformance levels.
Detarmination of the margiial costs bziween al=ernatives
!s made more difficul* in this final cost-performancs curve,
as a rfande of performance is available f5r a range of
rices. Once again, *he policy o¢f minimizing unkrnown rTisks
indicates tha* +the worst case instance should be usei in +he
evalyation; that is, rayvying *hz most addi:ional cos:t for +%he
least amcun* of performance gain. The worst case cost
factor, used In the preceeding analysis, is “he higher price
of +he bhe*ter-vperforming system, minus ths cheapes* price of
the base system, The worst cas2 performancs factor is ¢he
opposita: *the lcwest performance level of the bettsr systenm
minus the best probable performance level of the lesser-
performing sys*em. The worst z-ise marginal cos%s are shown
below:
1. The marginal cos:t of obtainring the Wang sys*em over
the Micro Ne+wcerks systam is %65,2)0 for a possitble
dacrease of 16.5 performance points;:

Su
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FPigure 4.3 Performance Ranges vs, System Cost Ranges.

2. The marginal ccst of obtaining th2 Trans-Pac systenm
over the ¥ang system is $21,100 f£or an irncrease of 17
performance points; and

3. The marginal ccst of obtairing Trans-Pac over the
microcomputers is $£67,700 for am increase of 26.5
performance points.

€, ir fact, *he decision-maker believed that “he worst case
circumstance vould occur, i,e., that an upgrade from the
Micrc Natworks to the Wang syst2am would co>st three times as
much for 22% less performance, then the d2cisior in favor of
Wanqg would never be made. By using the midpoints of the

*hree performance ranges as th: expected performancs levels,




*he marginal performarce obtained for the respective
margiral costs is more competitive:
1. 13.5 additional points by choosing Wang over the
microcomputer;
2. 30 more points by selecting Irans-Pac over Wang; and
3. 43.5 mcre points by chodsing Trans-Pac over the
microccmputer.
The instance of worst case marjyinal performance is iapro-
bable, because the analys* who optomistically views the
potential of the software for Sae systes would logically do
*he same for similar softwvare on other systems (as illus-
trated in Tables VII and VIII). Thus, th2 point allocation
percentages, though different for each alternative, tend to
move up or down %og2ther.

Isclated changes in “he scores can affsct *he relative
position of *he alternatives. Returning to the original
scoring values, if only *he 2valuation 5f “he scheduling
suppor* software is changed--increasing tha* capability by
ten base points, for example--both the Wang and Micro
Ne+twerks scores increase, narrowing the 3g2p between them and
Trans-Pac. Adding ten points, “he Wang score is 72 and
Micro Ne+*works is 49.5. The marginal cos“ betweern those ¢wo
alternatives does not change, r2maining at $65,200 for 22.5
additional performance points, bu* the marginal cost between
2i+*her alterrative and Trans-?a:xchanges. The worst case
marginal cost is still +he same--$21,100 increase between

Wang and Trans-Pac and %$62,700 increase batween Micrs
Networks and Wang--bu* the additional performance cbtained
for that price has dropped by t2n %c 28 points for Wang and
50.5 for the microcomfputers, so that the =2xtra money dozss
not buy quite as much as befor2. Another scoring changé,
affecting only one alternative, affacts the relativs

o performance between all the options. If "he Micro Networks
al“ernative is given “en more points in thz equipaent
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maintenance category, the resulting perfor-aéce scerss are
100 for Trans-Pac, 72 £or Wang, ard 59.5 £>r Micro Networks;
and *he marginal performance gain over thz microcomputer
alternative is 13.5 points for Warng and 40.5 points for
Trane-Pac--still less performance for the money.

The preceding analysis has shcown tha sensitivity of the
, nuabers to the individual percsptions of the analyst. The
analysis can be done using so-called "expart" opinion to

arrive a1t a set of total scores with which the decision-

maker feels comfor*able and conf iden*. However, once the
totals are finalized, only *he responsibla decision~maker
can decide wha* “rade-offs in cost and performance ars
acceptable. An observer can spaculate that if the final
totals produce marginal cost figures such that *+he Trans-Pac
alternative provides 38% more parformanze at a 3% ircrease

in price over the Wang system, as in the 2uthor's original [
evaluvation, then the decision-maker would 2lact *to sperd thea
ncminal increase for a substarzial performance upgrade. Bu*+
vhen +*he choice becomes less obvious, 2as when using the
figures from Figure VIIT where a 26% prics increase crea*-ed
by chocsing Trans-Pac over Wang yields 1 21% p=zrformance
increase, only *he decision-maker who must live with and

i justify his decision should make *he choice.

B. ADDITIONAL FACTORS

There are several important factors cther than software
performance which will influence the decision-maker's choice
of computer system. These factors are not quantified in

! “his thesis--nor are some subject *o numerical analysis--bu+
% +hey are mentioned as areas which should be given considera-
‘ ’ “ion in +the decision-making process.
o
»
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Reliability of *he system is of critical iapor-ance.

Reliability ~efers not only to hardware ra2liabili¢y, but 4o
software and data reliability. Process>rs are i{nhecen<ly
reliable pieces of hardvare because they are electical
rather than mechanical., However, if th2 wirings or indi-
vidual compcnents of a minicomputer fail, all computing
pover is lost. Not so with a microcomputer network where a
' user ccnfronted by a failed micrccomputer siaply movas to a
vorking micre, recalls his filss and continues. An adjunct
to hardware reliability is its maintairability.
Micrccomputers have fawer components than minis due to
single chip and single board tsachnologizs. The resultant
modularity of design makes maiatenance or replacement
simple, quick and inexpensive,

Software reliability is, %> a large extent, a functior
cf whether a package is custom-tailofed or of the off-+he-
shelf variety. Packaaged software aimed 2 a wide marke« cf
users is highly -elialkle, requiring virtually nc mainte-

rance, axcept for user-desir2d modificatisas. Microcomputer
sof-ware is often more exhaustively tested than software for
inpdividually-designed systems simply because of +he
economics of having to send ravisions to hundreds of thou-
sands of microcomputer users at nc charge. Generally, af*er
a few thousand copies of a program have b2en sold, all ¢he
bugs have beer found.

The inteqrity of data is the key to any systesm, manual
or automated. Computaerized computations are unquestionably
more accurate than mamal calcnlations. Seaiconductor
memory is so reliable tha* many marufacturers dispense with
varity checkirg.® Storage media ars reliable too; a
"Wipnchester" hard disk drive has a mean time to failure of

8A parity bit is appended t> *the eni >f_each data weord
and set o Qr even tc¢ correspond_to the 5dd or even vaiue
of the sum of the bits in tha wyrd, If “he parity bit does
no* maitch the sum, an error is ie*ected.
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15,000 hours [ 15:30]. Data transaissions however, ace
susceptible tc error. In Cluster/One, receiving nodas use
check sums on the address and 3ata of the packe*, If the
check sums don't match, the senler is signaled to restransmi:
its packet. Additionally, the file rarver locks a file if
one user is accessirg it so that concurrent changes cannot
! be made. Qantel's minicomputer does check parity bits but
does not provide error correction if an error is founi, nor
does it provide storage protection to pravert unauthorized
writing in certain areas of main aemory, a2 feature usa2d4 in
timesharing and aultiprogrammedl amemd>ry scha2mes. Wang 2200
MVP does not offer any of the three featurss. CompuStar
provides reither error checking or corrsction. Storage
‘ protection is not needed in systems which dedicate memory *o

one precess,
There are many other consileratioms ia choosirg a
system. Physical sit e preparation, if nezded is an addi-
+tional cost. The larger +he machine, the jrea+er *he n=zed
for a contrclled environment. A large machine will rszquire
» more power and radiate more heat, -hus d2manding artificial

§ cooling. A microcomputer needs no special envircnment, noz
do most small ainicomputers. The support *hat a buyer gets
from the vendor is often a major selling poirt. Some users,

v especially computer-naive ones, desire much atten+ion or

| "hand-hs1ding”" in *he jargon. Such personal atten*i-n may

: incurr additional fees or it may be part >f the vendor's way

d of doirg business. Unfor+unately, the computer industry is

a volatile one and the vendor who sold you a system

vyesterday might not be arocund tomorrow. A company'’s reputa-

tion is an important element +> check bef>re signing a

con+tract.
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C. CONCLUSIONS

This study has focused on >ne cospany in particular to
illustrate the process of requirements analysis and capacity
planning. First, the current systea was analyzed t> deter-
rine what information was being maintainad and how it flowed
through the company. The filinj system was examined to
allov specification of application areas to be addressed by
an automated system, and to facilitate proper sizing of the
system in terms of storage and data entry equipment. Once
the requirements vere defined, four systeas were presented
*c mee*t those requirements, tw> minicomputer systems and %<wo
pui+i-user microcomputer systems. Costs of hardwace and
software were drawn from various sources *5 arctive at a
total cost for each system. Thase costs are subject to
change, due to both t+he variability of *h2 marketplace and
*he gereral nature of the compilation. To give meaning to
the costs, measures of performaace were established asing
*wo weigh*ed evaluation schemes and several point alloca-
tions within the weighting formulae. The resultan: graph
compared the four systeams in ta2rms of performance ranges and
cost ranges. The darivation of +he margiial cost associated
with each change in levels of psrformance enables a
decision-maker, who knows his subjective value of an incre-
ment of performance, *o0 determine which alternative is
"besgt" for him., If tle cost c¢cf the ircrement outweighs his
subjective valua“ion cf that increment, hez dces not spend
the extra money for i+:; whereas a cost less than his value
of the performance increment asserts that the extra aoney
skould be spent. This thesis presents ths compu“er system
op~ions in an evaluated and quantified form, so that %he
decision-maker may a2pply his sub jective value of performance
and money to determine vhich aiternative bast meets his
needs.
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TABLE XI
Pinanci 1 Piles

File name pescrip+ion Input Tnput No. of
froa to records
General standard chart of financial balance 225
Ledger accounts: monthly & subsystems sheet
ear-to-d ate actual (A/P, fixed
udgeted expenses apd assets, A/R)

revenues, assets and

liabilities
Accounts vendor addrgss, part purchase cash 120
Payable cost, date, discount order distr, /120
journal
Accoynt rame,address, gharge cortroller invoices 30
Becelvible descfgption,'gate? ’ /3c
fcr charters
Fixed account nuamber, . controller £inance 700
Assets desription, item life reports,
month z & cumulative G/L
deprecia*ion
TABLE XII
Service Planning and Scheduliny Piles
File name Description Input Input No. of .
from to records
Ridership vehkicle no.,me+hod >¢f survey routa2s 1000
survey payment, for each stop: € Tuns_
assengers on/off/oaboard scheduling,
istances/minutes between service
stcps, passangers per planning
mirute, per mile
Schedu time on/off dus wh2n lans *rars 35
Tgmeta%ie vhere o breaa,y£otai / P payroll
%uaranteed & overtim2
¢r each coach run
foutes routg chniact ristics: ex+araal Tun=-, 27
t:;f ic.s a i' cutting
rallroad cfossings,street
widths,Toute 1engtﬁ
Ve¥icle condition, size maintsznance run-, 52
Irfo capacity cutting
Runs no, of drivers Toutes schedule 55
routes, vezzclé info )
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